Swimming pools have become major recreation facilities for leisure and sports in cities across the world, but the standard guidelines, particularly in developing countries, are not adhered to because little is known about the contaminants in the pools and the possible health risks involved. This study provides a survey of bacterial quality of water from swimming pools in Kampala. A total of 26 water samples were collected from 13 outdoor swimming pools in Kampala between January and June 2016 and analysed for total aerobic plate count (TPC), Escherichia coli, coliforms, and Salmonella. The heterotrophic bacterial load ranged between 0 and 6.35 × 10 5 cfu/ml, where 6.35 × 10 5 cfu/ml was the highest load and 3 × 10 1 cfu/ml the least. The highest average TPC was 6.19 × 10 5 cfu/ml and the lowest 5.07 × 10 3 cfu/ml. 30.8% of the pools had TPC within acceptable limits (≤5 × 10 2 cfu/ml), whereas 69.2% were highly contaminated and did not conform to the Uganda National Water and Sewerage Corporation standards of recreational water quality for both treated (0 cfu/100 mls) water and untreated (10 cfu/100 mls) water. Although no positive results were yielded for E. coli, coliforms, and Salmonella, TPC represented the presence of heterotrophic bacteria which are often indicated in opportunistic infections.
Background
Swimming pools are increasingly being used by man for swimming and other recreational based activities such as canoe polo, underwater rugby, volleyball, and sports diving. They are also used in certain cultural practices such as baptism, where the individual's head is submerged for a while as prayers are being conducted. Due to their increasing uses, swimming pools are now available at many recreation centres, hotels, motels, schools, beaches, universities, wildlife parks, homes, and many other areas. With such an increase in the numbers of swimming pools, high maintenance is necessary to protect the users from any form of infection.
Swimming pools are supplied by the water of environmental origin. The portability of swimming pool water is enhanced by frequently changing the water and the use of disinfectant, such as chlorine. The highest possible concentration of about 1 part per million (ppm) is advised to be maintained because higher chlorine concentration irritates the eyes [1, 2] . Some swimming pool operators prefer iodine to chlorine as a disinfectant because its action is less hindered by organic matter and there is less eye and skin irritation compared to chlorine [1] . Although it is known that swimming pool water should meet potable water standards by being a clean, transparent, odourless, and tasteless liquid having a freezing point of 0 ∘ C and boiling point of 100 ∘ C [3] , such standards are not normally maintained in many countries. In developing countries, particularly Uganda, there are no maintained standards or regulatory framework to ensure that swimming pools are not hubs for pathogen infection or other 2 New Journal of Science dangers. This coupled with a high rate of system breakdown, high maintenance costs, negligence, and ignorance poses a high risk to the swimming pools users.
The poor management of water supply systems to the pools and the use of unprotected water pose a high risk of pathogen transfer to humans. The microbial safety of swimming pool water is highly questionable in countries with poor regulatory framework due to the many existing possible microbial contaminant pathways. Microbial contamination of swimming pools can occur through (a) faecal contaminated source water or direct defecation from swimmers, birds, and animals [4] [5] [6] [7] , (b) nonfaecal human shedding from vomiting, sneezing, mucous, spitting, or skin, (c) poor wastewater disposal [8] , (d) microbial biofilm formation along piped water networks [9, 10] , (e) contaminated air, dust, soil, or rainwater [11, 12] , and (f) individuals with contagious diseases or infectious pathogens [4, 8] .
A number of common water contaminants grouped as viruses, bacteria, protozoa, and helminths have been studied worldwide. Unless the pool is cleaned and maintained and its water adequately treated, contamination may lead to a number of disease outbreaks such as gastroenteritis, conjunctivitis, keratitis, trachoma, otitis, cholera, dysentery, eczema, skin rashes, typhoid, dysentery, giardiasis, cryptosporidiosis, helminthiasis, cholera, hepatitis, rotavirus infection, salmonellosis, and central nervous systems associated diseases [3, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The aetiologic agents of some of these diseases have been isolated from natural and domestic water sources in Uganda and are associated with devastating illnesses [9, 10, 24, 25] . Not much has been studied about microbial contamination of swimming pool water in Uganda, but available data denotes the presence of Streptococcus and Escherichia coli [26, 27] . Elsewhere in the world, a lot of research has been done, and pools have been associated with outbreaks of waterborne infections in humans [4, [28] [29] [30] [31] , often leading to severe morbidities and mortalities.
Although modern day swimming pools have a recirculating system for the water to be filtered, purified, and disinfected adequately, recent studies reveal that neither advanced technological systems nor disinfectants can obviate the colonisation of the pool water with some dangerous pathogens [32] [33] [34] . It has also been reported that the surviving disinfectant tolerant pathogens might also be antibioticresistant, a fact already documented for bacterial isolates from treated drinking water [4] and purified sewage effluents [35] . It is important to continuously test swimming pool water for the availability of pathogens that pose public health risks to humans in order to optimise water treatment methods to get the best performing chemicals that can kill or reduce these pathogens to minimal or nonworrying levels [9, 10, 24] . In Uganda, there is scanty information on the general hygiene of swimming pools. In 2007, Kampala City Council Health Division sounded a warning of the likely poor quality of swimming pool water in Kampala. Despite such concerns, there is no evidence indicating that the problem has been addressed. This is dangerous because research in many areas across the world has shown that swimming pools easily get contaminated by users and the surrounding environment. The objective of the present study was to investigate the bacterial quality of water in randomly selected swimming pools in Kampala City, Uganda.
Methods

Study Area.
The study was carried out in Kampala city, the capital and largest city in Uganda, with an area of 189 km 2 . The city is divided into five Divisions that oversee local planning: Kampala Central Division, Kawempe Division, Makindye Division, Nakawa Division, and Lubaga Division. The city is located at 0 ∘ 20 25.191 32 ∘ 38 8.9658 with 1223 m (4012 ft) elevation above sea level.
Site Selection and Sample Size.
A cross-sectional study was carried out between January and June 2016. A purposive sampling strategy was employed, and only outdoor swimming pools in the city centre were selected for sampling. The study involved sampling of all the 13 outdoor swimming pools in the city centre.
Sample Collection, Storage, and Transportation.
A total of twenty-six samples were collected in sterile well-labeled 500 ml wide-mouthed bottles. Water samples were collected, when no bathers were in the pools (access was denied during the maximum bather density). To dechlorinate the water samples, sodium thiosulphate (100 mg/l) (Na2S2O3, sodium thiosulphate pentahydrate, 106509, Merck KGaA, Darmstadt, Germany) was added to each bottle. The samples were collected from a depth of 30 cm at a point about 50 cm away from the pool edge. The samples were transported at 4 ∘ C within 1 hour from the collection time, using appropriately insulated coolers, to the microbiology laboratory at the College of Veterinary Medicine and Animal Resources and Biosecurity (COVAB), Makerere University. They were processed immediately after arrival at the laboratory.
Laboratory Analysis
Total Aerobic Plate Count.
The total plate count (TPC) agar media was prepared according to the manufacturer's instructions [36] and poured into Petri dishes. It was then incubated at 37 ∘ C for 18 hours to determine the sterility. The samples were 10-fold serially diluted in 9 ml of sterilised peptone water contained in each of the tubes by transferring 1 ml of water in the first test tube and mixed; then 1 ml of the first dilution was drawn out into the second tube. This was continued until the 4th tube. Then 100 l of two sample dilutions of 10 −2 and 10 −4 including the neat (undiluted sample) was plated onto the plate count agar and the surface spread using a sterilised glass spreader for uniform inoculation. The plates were incubated at 37 ∘ C for 48 hours. Following appropriate length of incubation, all visible colonies were counted and the results were calculated by multiplying the number of colonies on each plate by the reciprocal of the dilution factor of sample dilution plated and multiplied by ten, which was reported as colony forming units per ml.
Determination of Total Coliform and E. coli Count.
Peptone water was prepared according to the manufacturer's New Journal of Science 3 instructions [36] [37] [38] and 9 ml was dispensed into test tubes and sterilised by autoclaving. Additionally, MacConkey agar media was prepared according to the manufacturer's instructions and sterilised by autoclaving [36] . The MacConkey agar was cooled, dispensed in Petri dishes, and incubated overnight to test for sterility. The sample was diluted and, with the aid of a sterile tip of 100 l of the sample, a homogenate from the serial dilution was transferred to the surface of the MacConkey agar and inoculated by surface spreading using sterile spreaders and then incubated at 37 ∘ C for 18 hours. All pink colonies were counted as coliforms and E. coli colonies were identified as pink, flat, dry surfaces, with small-tomedium-sized colonies. Biochemical tests were conducted to confirm the presence of E. coli using indole for the formation of a pink ring on sides of the tube at the top of inoculated peptone water [37, 38] .
Isolation of Salmonella.
Water samples were inoculated in buffered peptone water and incubated overnight at 37 ∘ C as the preenrichment stage. Then 1 ml of the enriched sample was transferred to 9 ml of selenite (Merck, Germany) broth and incubated at 42 ∘ C overnight. Thereafter, it was mixed carefully and cultured on prepared Xylose Lysine Deoxycholate (Oxoid, UK) by surface spreading using sterile spreaders and incubated for 24 hours at 37 ∘ C. Salmonella colonies were identified as pink medium-sized colonies with black centres due to the production of hydrogen sulphide gas. Confirmation of Salmonella was done through the Triple Sugar Iron test for yellow butt and red slant with hydrogen sulphide gas production. It was also nonmotile, citrate, and urease-negative.
Data Management and Analysis.
The results were recorded in a laboratory book and later entered into Microsoft Excel. The data was then double entered in Excel for quality control purposes. Tables were drawn for total plate counts (TPC), E. coli, coliform, and Salmonella counts. A bar graph of averaged TPC for each swimming pool was drawn to show the trends of the contamination.
Results
Total Aerobic Load of Pool Water.
The results of the laboratory analysis are presented in Table 1 and Figure 1 . Water sample F2T from pool F2 had the highest TPC with 6.35 × 10 5 cfu/ml. Water sample MH from pool M had the lowest TPC count with 3 × 10 1 cfu/ml. Similarly, pool F2 had the highest average TPC (6.19 × 10 5 cfu/ml) and pool J the lowest (5.07 × 10 3 cfu/ml) ( Figure 1 ). Six water samples, K2T, K2H, M2H, M2T, G2H, and G2T, from swimming pools K2, M2, G, and G2 exhibited no growth on the media; that is, four swimming pools (30.8%) were free from microbial contamination, whereas 9 (62.2%) had contamination ( Table 2) . Eighteen swimming pool samples (69.2%) had TPC above acceptable limits of the Uganda National Water and Sewerage Cooperation standards of recreational water quality for both portable treated water (0 cfu/100 mls) and untreated water (10 cfu/100 mls). Eight samples (30.8%) out of the twenty-six water samples analysed had TPC within the acceptable limit (≤5 × 10 2 cfu/ml) ( Table 1) .
Total Coliform and E. coli Count of the Pool Water.
After separate repeat runs of these tests using peptone water and MacConkey agar, there was a failure to demonstrate coliform and E. coli in the water samples analysed. Dilutions of water samples were analysed (i.e., 10 −2 and 10 −4 ) as well as the undiluted ones, but none of them had growth in the media.
Isolation of Salmonella.
Following all the appropriate procedures and ample length of incubation periods using buffered peptone water for enrichment stage, selenite broth, and Xylose Lysine Deoxycholate agar for incubation, Salmonella growth did not occur.
Discussion
The total coliform and E. coli tests yielded no positive results, an indication that faecal contamination of these pools was unlikely, since E. coli, a quite potent indicator of faecal contamination, was not detected. The total aerobic plate count (TPC) which is a nonspecific test for everything including coliforms (if they are present) yielded positive results. TPC does not give an indication of the types of organisms present or their probable sources but indicates the culturable organisms present, which could be low or high total bacteria present [39] .
In the present study, the results of the investigation according to TPC indicated an overall high microbial count in the swimming pool water. Seventeen (68%) of the swimming pool samples collected had TPC above the acceptable limits of National Water and Sewerage Corporation (NWSC) and World Health Organisation (>5 × 10 2 cfu/ml). There is no maximum acceptable concentration (MAC) specified for TPC microbes in water supplied by public or semipublic water systems but an increase in TPC concentrations above baseline levels (>5 × 10 2 cfu/ml) is what is considered undesirable or unsafe [39] . A number of reasons could be attributed to this level of contamination. Kampala City swimming pool owners have little adherence to the national swimming pool or portable water standards because of poor enforcement of laws, ignorance, and negligence. This has resulted in all kinds of uncouth practices in the pool water. There is always very high bather density, and often the water appears dirty. This coupled with the probability of soil contamination from rainfall runoff and bacterial biofilm formation along the pipelines or other organic matters could be responsible for the contamination. Swimming pool contamination as a result of high bather density and organic matter contamination is common especially in poorly maintained pools [40, 41] . If swimming pools adhered to the National Water and Sewerage Cooperation guidelines, there would be minimal microbial contamination. Studies by previous researchers have shown that swimming pools in major hotels and cities in developed nations have low microbial contamination, ranging from 0 to 25% (38) (39) (40) (41) (42) (43) . However, the results from the swimming pools in Kampala indicate absolutely very high microbial contamination with heterotrophic bacteria. Our results concur with finding elsewhere in developing countries, where total plate counts exceeded the WHO limit (>5 × 10 2 cfu/ml) [4, 5, 42] . The results of this study asserted that a high number of swimming pools in Kampala City did not conform to internationally and nationally acceptable standards, as is in most other developing countries. Lack of appropriate maintenance equipment and lack of well-trained human resources are the commonest reasons for increased contamination of swimming pools in Kampala. According to CDC [13, [43] [44] [45] , lack of proper pool hygiene could lead to building up of pathogenic organisms.
The commonly isolated swimming pool organisms such as coliforms or E. coli and Salmonella species were absent in all the samples analysed in this survey, in spite of following all the procedures and giving ample length for incubation. This could be attributed to consistent chlorine and iodine use in disinfecting the pools, which may have low-to-moderate effectiveness in killing other microbes. According to CDC [43, 44] and Craun et al. [46] , E. coli, coliforms, and Salmonella should be absent in 100-500 ml sample following appropriate disinfection of swimming pools. The disinfection may not eliminate certain highly resistant organisms, and often different disinfectants have to be used at varying doses. It is possible that the TPC represented the presence of water-dwelling organisms such as Acinetobacter, Aeromonas, Chryseobacterium (Flavobacterium), Klebsiella, Moraxella, Serratia, Pseudomonas, and Xanthomonas, Bacillus, Mycobacterium tuberculosis, Mycobacterium avium, Pseudomonas aeruginosa, and Legionella pneumophila that are emerging and reemerging pathogens capable of causing severe opportunistic infections, especially in immunocompromised individuals [8, 39, 47] .
In developed nations, swimming pools with efficient circulation systems have strainer baskets which continuously filter off solid materials to prevent contamination [48] . Unfortunately, most pools in Uganda do not have an efficient water circulation system. Water is changed when it is deemed as dirty by the pool attendants, and this is based on mere observation instead of having a standard testing system to rely on. The pool attendants believe that once a disinfectant is used, the pool is automatically safe. They do not look at this in terms of quantity of the disinfectants and the time lag. Much as a number of the swimming pool owners and users (bathers) are aware that contaminated pools are a source of serious infections, there has been minimal change in their use in ways that are likely to be safe. It is a big puzzle to explain this but probably these individuals still require more sensitisation about swimming pools and diseases cycles. Increased awareness and sensitisation in terms of risk factors leading to disease acquisition is a good pathway towards efficient control and preventive mechanisms.
Conclusions
The study established that most popular swimming pools (68%) around Kampala City were contaminated. Nevertheless, 32% yielded growth within the acceptable limits. The targeted organisms, coliforms, E. coli, and Salmonella, were not present in the pools; however, this did not guarantee the safety of the pools, since there was a high total aerobic plate count that consisted of other microbes capable of causing infections in humans.
Additional Points
To be able to protect swimming pool users from the risk of acquiring a number of pathogens, it is high time the government of Uganda enforced the adoption of existing national standards for recreational waters. The government should be tasked to build more effective portable water management and sanitation policies. There should be a commitment from the government to supply clean potable water to the communities and this initiative must be of high priority. Community programs must be initiated to educate people on water safety measures, personal hygiene, and water treatment processes. Access to improved water sources should be corroborated with access to improved sanitation and hygiene (personal hygiene, regular cleaning of vessels, proper storage, and treatment).
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